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COMPOSITIONS OF POLYGONUM ODORATUM FOR PREVENTION 
AND TREATMENT OF DISEASE 

Background of the Invention 

The roots of the plant Polygonum odoratum have been used 
5 in traditional Chinese medicine for a variety of therapeutic 
purposes (Lin, H.W. et al . 1994. Yao Hsueh Hsueh Pao. 29:215- 
222) . It has been used as a crude medicinal agent in the 
treatment of analeptic (Tomoda, M. et al . 1971. Chem. 
Pharmaceut. Bull. 19:2173-2177) and as a nutritious tonic in 

10 Asia (Sugiyama, M. et al. 1984. Chem. Pharmaceut. Bull. 
32:1365-1372) . It is referred to as Yu Zhu in China, although 
it also grows in Thailand and Vietnam where it is known as Pak 
pai or Vietnamese mint. It also grows as a weed in the 
southern United States. 

15 The methanol extract of the roots of Polygonum odoratum 

has been shown to suppress 96% of the mutagenicity of Trp-P-1 
(Japan International Research Center for Agricultural 
Sciences. 1998. 17:1-3). Alcohol extracts have also served 
as an immunopotentiator in mice with burn injury (Xiao, J. et 

20 al. 1990. Chung Kuo Chung Yau Tsa Chig. 15:557-559). 
Compounds that have been previously identified in P. odoratum 
include steroidal saponins (Lin, H.W. et al . 1994. Yao Hsueh 
Hsueh Pao. 29:215-222), other steroidal compounds (Sugiyama, 
M. et al. 1984. Chem. Pharmaceut . Bull. 32:1365-1372), 

25 cuereitol (Lazer et al. 1971 Farmacia 19:31), azetidine 2- 
carboxylic acid (Virtanin et al . 1955. Acta. Chem. Scand. 
9,551-554; Fowden, L. 1955. Nature 176, 347-348), mucous 
polysaccharides (Tomoda, M. et al . 1971. Chem. Pharmaceut. 
Bull. 19:2173-2177), vitamin A, mucilage (Gaal, B. 1927. 

30 Ungar. Pharm. Ges. 3, 133), and diosgenin (Okanishi et al . 
1975. Chem. Pharm. Bull. 23, 575-579). 
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Some natural plant extracts have been shown to have 
activity as chemopreventive agents. An example, taxol, acts 
by inducing Bcl-2 phosphorylation in cancer cells which leads 
to programmed cell death (Haldar, S. et al. 1996. Cancer Res. 
5 56:1253-1255) . The Bcl-2 protein is a member of a family of 
cytoplasmic proteins which regulates cell death. Bcl-2 has 
been shown to promote cell survival by inhibiting the process 
of cell death known as apoptosis. Where Bcl-2 acts to inhibit 
apoptosis, Bax, another cytoplasmic protein, counteracts this 

10 protective effect; Bcl-2 is also thought to protect cells from 
apoptosis by dimerizing with Bax (Hunter, J.J. et al. 1996. 
J. Biol. Chem. 271:8521-8524). The phosphorylation of Bcl-2 
interferes with the dimerization to Bax resulting in an 
increase in Bax homodimers and subsequent apoptosis (Haldar, 

15 S. et al. 1995. Proc. Natl. Acad. Sci. USA 92:4507-4511; 
Haldar, S. et al- 1996. Cancer Res. 56:1253-1255). 

It has now been found that extracts of Polygonum 
odoratum have activity to phosphorylate Bcl-2 and induce 
apoptosis in cancer cells. In addition, two 

20 dihydrobenzofuranones which promote Bel -phosphorylation in 
breast and prostate cancer cell lines have been isolated from 
the extract and their structures have been identified. 

Summary of t he Invention 

An object of the present invention is to provide 
25 compositions that induce apoptosis in cells which comprise an 
extract of Polygonum odoratum or compounds isolated therefrom. 
In a preferred embodiment compositions of the present 
invention comprise a structure of Formula (I) : 



R 



30 




OH 0 

2/10/2006, EAST Version: 2.0.1.4 



WO 01/56580 



PCT/US01/03064 



- 3 - 

wherein R is CH 3 or OCH 3 . 

Another object of the present invention is to provide 
a method of inducing apoptosis in cells comprising contacting 
35 cells with a composition containing an extract of Polygonum 
odoratum or compounds isolated therefrom. 

Also provided are methods for preventing and treating 
cancer which comprise administering an effective amount of a 
Polygonum odoratum extract or compounds isolated therefrom. 

40 Detailed Description of the Invention 

An extract of Polygonum odoratum has been isolated that 
has use as a cancer preventive agent due to its ability to 
induce apoptosis in cancer cells. The extract contains novel 
chemical entities that have activity similar to the 

45 chemotherapeutic agent taxol . The extract can be used as a 
pharmaceutical for cancer treatment and/or prevention as well 
as a medical food, or nutraceutical and a dietary supplement. 

Roots of Polygonum odoratum were dried and then ground 
into a powder. The powdered roots were then extracted with 

50 methanol and concentrated under vacuum using rotary 
evaporation. The remaining concentrate was then partitioned 
with acidified ethyl acetate (3% HC1) and dried. The dried 
extract was then chromatographed on a silica gel column for 
bio-assay directed fractionation. Elution was performed using 

55 a solvent mixture of chloroform/methanol with an increasing 
amount of methanol (30:1, 20:1, 10:1, 8:1, 1:1, 5:1, 3:1, 1:1, 
1:5, 1:15, 1:25, 0:1; each 500 ml). Successive fractions were 
collected and assayed for biological activity. The biological 
activity was determined by measuring phosphorylation of Bel -2 

60 protein in cells that were treated with various fractions. 
MCF-7 breast tumor cells were obtained from the ATCC and used. 
After treatment with a test fraction, cells were lysed and 
equivalent amounts of proteins were elect rophoresed by 12% 
sodium dodecyl sulfate -polyacrylamide gel electrophoresis 

65 (SDS-PAGE) and transferred to nitrocellulose. Bel -2 protein 
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levels were detected using a monoclonal Bel -2 primary antibody 
and a secondary goat anti-mouse horseradish peroxidase- 
conjugated antibody followed by enhanced chemiluminescence 
detection. 

5 An active fraction was yielded upon elution with 30:1 

chloroform methanol mixture. The resulting fraction was re- 
chromatographed on a second silica gel column and eluted with 
20:80:0 hexane : chloroform: methanol to yield an active 
fraction. This fraction was evaporated to dryness under 

10 nitrogen at room temperature. The sample was then 
reconstituted in ethanol and analyzed by reverse phase HPLC. 
Two peaks were identified in the chromatogram . 

The hexane: chloroform: methanol (20:80:0) fraction was 
also analyzed by APCI LC-MS in the negative ion mode. It was 

15 found that peak 1 had a molecular weight of 330, while peak 
2 had a molecular weight of 314. 

For determination of structure, isolation and 
purification of the 20:80:0 hexane : chloroform: methanol 
fraction was performed for NMR studies. The final 

20 purification of the dihyrobenzofuranones was performed using 
reverse phase, semi -preparative HPLC. Peak 1 was determined 
to be 2, 3-dihydro-3- [ ( 4 -hydroxyphenol) methyl] -5, 7-dihydroxy-6- 
methyl-8-methoxy-4H-l-benzopyran-4-one and peak 2 was 
determined to be 2, 3-dihydro-3- [ (4 -hydroxyphenol) methyl] -5, 7- 

25 dihydroxy-6, 8 -dimethyl-4H- l-benzopyran-4 -one . The 
concentration of both dihydrobenzopyranones in the powdered 
roots of Polygonum odoratum was approximately 30 /xg/g. The 
structures of each of the isolated compounds are depicted in 
Formula (II) and (III), respectively. 



30 (II) 
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5 Accordingly, the present invention relates to compositions 
comprising crude extracts of Polygonum odoratum that can be 
used as a dietary supplement for cancer prevention. The 
present invention also relates to compositions comprising a 
purified compound of Formula (I) 

R 

HO 

10 (I) 

H 3 C 

wherein R is OCH 3 or CH 3 . 

Compounds of Formula (I) can be purified from the crude 
extract and used as pharmaceuticals or dietary supplements for 
prevention and treatment of cancer. Alternatively, these new 

15 compounds can be prepared synthetically using methods well 
known to those skilled in the art. Further, one of skill in 
the art can now develop new compounds with similar structure 
and activity to that of Formula (I), (II) or (III) for use in 
the compositions of the present invention based on routine 

20 methods for testing of potential clinical compounds. 

The activity of the newly identified compounds shown in 
Formulas II and III of the present invention was determined 
in a series of in vitro studies in MCF-7 breast cancer cells. 
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First the effects of the compounds of Formula II and III on 
cell growth was examined in a cell cycle assay. In this 
assay, the number of cells in the G 0 -G x , S and G 2 -M phases were 
first determined without treatment with any test compounds 
5 (control data) . These control data showed that 72.19% of cells 
were in the G 0 -G 1 phase, 10.12% were in the G 2 -M phase while 
17.69% were in the S phase. Then, the breast cancer cells 
were treated with a positive control compound, paclitaxel (5 
fiM concentration) , which is the standard drug of choice in the 

10 clinics for treatment of breast cancer. Treatment with 
paclitaxel resulted in 54.93% of cells in the G 2 -M phase, 
indicating that paclitaxel arrested 54.93% of cells at that 
phase, thus blocking cell cycle progression and preventing 
further cell cycle progression and growth of the cells. Next, 

15 MCF-7 cells were treated with the compound of Formula II at 
a concentration of 50 fiM. At this dose, the test compound 
arrested 15.09% of cells at the G 2 -M phase, showing that the 
compound had some effect on cell growth. However, treatment 
of the cells with a 25 /xM concentration of the compound of 

20 Formula III resulted in 42.22% of cells arrested at the G 2 -M 
phase. These data show that the compound of Formula III had 
effects similar to the standard drug paclitaxel on cell cycle 
progression and growth. 

Cell viability was also examined in the presence of the 

25 compounds of Formulas II and III. These studies were 
performed by plating breast cancer cells in the presence and 
absence of the compounds of Formulas II and III. The cells 
were contacted with increasing concentrations of the two test 
compounds and then allowed to grow for 15 to 21 days. The 

3 0 colonies formed were stained with methylene blue and the 
number of colonies was counted. The results showed that the 
compound of Formula II produced a dose-response inhibition of 
cell growth. The number of colonies counted decreased from 
more than 1000 in the control plates to approximately 600 

3 5 colonies at a 50 /iM concentration of the Formula II compound, 
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and less than 50 colonies at a 100 m m concentration of the 
compound of Formula II. A dose-response effect also was seen 
in the presence of the compound of Formula III, with the 
number of colonies decreasing from more than 1000 in control 
5 conditions, to less than 600 colonies in the presence of 10 
liM of the compound of Formula III, less than 300 colonies in 
the presence of 20 fiM of the compound of Formula III, less 
than 50 colonies in the presence of 50 (iM of the compound of 
Formula III, and less than 25 colonies in the presence of 100 

10 fxM of the compound of Formula III. These data showed that the 
compound of Formula III was a potent inhibitor of cell growth 
and viability. 

The ability of the test compounds of Formulas II and III 
to induce Bcl-2 phosphorylation was examined by Western blot 

15 analysis. The presence of Bcl-2 and phosphorylated Bcl-2 
proteins was detected using a monoclonal Bcl-2 primary 
antibody and a secondary goat ant i -mouse HRP- conjugated 
antibody. The results showed that control breast cancer MCF-7 
cells treated with vehicle (alcohol) had no detectable 

20 phosphorylated Bcl-2. Cells treated with 1 /iM paclitaxel 
showed significant levels of phosphorylated Bcl-2 protein. 
Breast cancer cells treated with 10, 20, 40 or 80 m m of the 
compound of Formula III demonstrated a dose -response increase 
in levels of phosphorylated Bcl-2 protein. In contrast, cells 

25 treated with 10, 20, 40, 80 or 100 m m of the compound of 
Formula II showed no significant levels of phosphorylated Bcl- 
2 protein. These data demonstrate the ability of the compound 
of Formula III to induce Bcl-2 phosphorylation in cancer 
cells, results consistent with the effects of a known 

30 chemotherapeutic agent, paclitaxel, in cancer cells. The 
ability to induce Bcl-2 phosphorylation is known to be a 
precursor event to programmed cell death. 

These data demonstrate the pharmacological activity of 
the compositions of the present invention as therapeutics in 

35 the prevention and treatment of cancer. Compositions of the 
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present invention can be administered either orally as a 
dietary supplement or by other methods routine in the art 
including, but not be limited to, intravenous, 
intraperitoneal, subcutaneous, or intramuscular injection. 
5 In a preferred embodiment, compositions of the present 
invention are formulated in a pharmaceutically acceptable 
vehicle. Such vehicles include, but are not limited to, 
aqueous solutions such as saline. The pharmaceutically 
acceptable vehicle is selected based on the solubility 

10 characteristics of the compound to be administered and the 
route of administration. Such selection is routine to one of 
skill in the art. 

Compositions of the present invention can be 
administered to animals, including humans, for preventing or 

15 treating cancer. The animals to be treated can be 
administered an effective amount of the compounds of the 
present invention for prevention or treatment of cancer where 
an effective amount is defined as an amount that induces 
apoptosis in cancer cells. 

20 The following non- limiting examples are provided to 

further illustrate the present invention. 

EXAMPLES 

Example 1: Fractionation and Purification 

X H NMR and 13 C NMR spectra were obtained on a VXR-200 
25 instrument and MS analysis was performed on a Micromass 
Platform II system (Micromass Co., MA) equipped with a Digital 
DECPc XL5650 computer for analysis of data. Mass spectra were 
obtained using atmospheric pressure chemical ionization (APCI) 
in the negative-ion mode. The ion source temperature was set 
30 at 150 C and the probe temperature was set at 450 C. The 
sample cone voltage was 10 V and the corona discharge was 3.2 
kV. The HPLC analysis was performed on a Varian Vista 5500 
liquid chromatograph pump coupled to a Varian 9065 Polychrom 
diode array detector. Fractionation of purified compounds 
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was obtained on a Waters 600E HPLC pump coupled to a Milton 
Roy Spectro Monitor 3100 variable wavelength detector. 
Selecto Scientific silica gel (100-200 mesh particle size) was 
used for column chromatography. All fractions were screened 
on Whatman silica gel thin-layer chromatography plates (250 
fim thickness, 60 A silica gel medium) with compounds revealed 
under fluorescent light. 

Example 2: Apoptosis by Annexin V Assay 

Apoptosis was assessed by the Annexin V fluorescence 
isothiocyanate (FITC) method. Apoptosis detects changes in 
the position of phosphatidylserine (PS) in the cell membrane. 
In nonapoptotic cells, most PS molecules are localized at the 
inner layer of the plasma membrane. Once apoptosis is 
induced, PS redistributes to the outer layer of the membrane 
and becomes exposed to the extracellular environment. The 
exposed PS can be easily detected with annexin V, a 35.8 kDa 
protein with a strong affinity for PS. Annexin V is conjugated 
as a fusion protein with enhanced green fluorescent protein 
(EGFP) . This assay is nonenzymatic and can be used with 
fluorescence microscopy. Early and late stage apoptotic cells 
were seen as green fluorescence while late stage necrotic 
cells were identified by a yellow-red intracellular staining 
appearance . 

Example 3: Cell Viability Assay 

Cell viability was assessed by the microculture 
tetrazolium/formazan assay (MTT; Scudiero, D.A. et al. 1988. 
Cancer Res. 48:4827-4833). Absorbance was measured at 550 nm. 
Cell viability was expressed as the percentage of drug treated 
cells relative to that of the controls. The IC 50 was defined 
as the concentration of drug that produced a 50% decrease in 
cell viability relative to controls. 
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Example 4: Western Blot Analysis 

Analysis of Bcl-2 protein was performed by immunoblots . 
Cells were initially treated with various fractions and pure 
compounds. Cells were then lysed in ice cold radio-immune 
5 precipitation buffer with inhibitors. Equivalent amounts of 
proteins were elect rophoresed by 12% dodecyl sulfate- 
polyacryl amide gel • electrophoresis and transferred to 
nitrocellulose. Bcl-2 and phosphorylated Bcl-2 proteins were 
detected using a monoclonal Bcl-2 primary antibody and a 
10 secondary goat anti -mouse horseradish peroxidase conjugated 
antibody followed by enhanced chemiluminescence detection 
(Haldar, S. et al. 1994. Arch. Biochem. Biophys. 315:483-488). 

Example 5: Cell Cycle analysis 

Cells were treated for 12 hours, incubated with 10 (iM 

15 BrdU for 45 minutes at 37°C. Cells were then washed with 
ice-cold PBS, resuspended in 200 fil PBS and fixed with cold 
70% ethanol. The cells were resuspended, incubated for 30 
minutes in 2 N hydrochloric acid /0.5% Triton X-100 in PBS, 
and neutralized by rinsing once in 0.1 M sodium tetraborate 

20 (pH 8.5). Fluorescein isothiocyanate (FITC) -conjugated anti- 
BrdU antibody (Becton- Dickinson) were added (10 [xg per sample 
) in 50 /il of 0.5% Tween 20/1% BSA in PBS and incubated for 
30 minutes. The cells were washed and resuspended in 1 ml of 
PBS containing 5 lig/ml propidium iodide. Fluorescence 

25 intensity was determined by quantitative flow cytometry and 
profiles were generated on Becton Dickinson FACScan. A 
minimum of 10,000 cells were analyzed using Modifit LT (Verily 
Software House, Inc.). 



2/10/2006, EAST Version: 2.0.1.4 



WO 01/56580 



PCT/US01/03064 



- 11 - 

What is claimed ig: 

1. A composition that induces apoptosis in cells 
comprising an extract of Polygonum odoratum or compounds 
isolated therefrom. 

5 2. The composition of claim 1 wherein the 

isolated compound comprises Formula (I) : 




OH O 



wherein R is CH 3 or OCH 3 . 

3. The composition of claim 1 further comprising 
a pharmaceutical ly acceptable vehicle. 

10 4. A method for inducing apoptosis in cells' 

comprising contacting cells with the composition of claim 
1. 

5. A method for preventing or treating cancer in 
an animal comprising administering to an animal an 
15 effective amount of the composition of claim 1. 
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